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© Antihyperllpidemic and antiatherosclerotic compounds and compositions. 



© Certain N-2,6-dialkyl- or N-2,6-dialkoxyphenyl-N'-arylalkylurea compounds are potent inhibitors of the en- 
zyme acyl CoAxholesterol acyltransferase (ACAT)i and are thus useful agents for the treatment of hyper- 
cholesterolemia or atherosclerosis. 
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ANT1HYPERUPIDEMIC AND ANTIATHER0SCLEROT1C COMPOUNDS AND COMPOSITIONS 

This invention relates to chemical compounds having pharmacological activity, to pharmaceutical 
compositions which include these compounds, and to a pharmaceutical method of treatment. More 
particularly, this invention concerns certain substituted urea and thiourea compounds which inhibit the 
enzyme acyl-coenzyme Axholesterol acyltransferase (ACAT), pharmaceutical compositions containing 

s these compounds, and a method of use of these compounds for the manufacturing of such pharmaceutical 
compositions for treating hypercholesterolemia and atherosclerosis. 

In recent years the role which elevated blood plasma levels of cholesterol plays in pathological 
conditions in man has received much attention. Deposits of cholesterol in the vascular system have been 
indicated as causative of a variety of pathological conditions including coronary heart disease. 

70 Initially, studies of this problem were directed toward finding therapeutic agents which would be 
effective in lowering total serum cholesterol levels. It is now known that cholesterol is transported in the 
blood in the form of complex particles consisting of a core of choiesteryl esters plus triglycerides and an 
exterior consisting primarily of phospholipids and a variety of types of protein which are recognized by 
specific receptors. For example, cholesterol is carried to the sites of deposit in blood vessels in the form of 

75 low density lipoprotein cholesterol (LDL cholesterol) and away from such sites of deposit by high density 
lipoprotein cholesterol (HDL cholesterol). 

Following these discoveries, the search for therapeutic agents which control serum cholesterol turned to 
finding compounds which are more selective in their action; that is, agents which are effective in elevating 
the blood serum levels of HDL cholesterol and/or lowering the levels of LDL cholesterol. While such agents 

20 are effective in moderating the levels of serum cholesterol, they have little or no effect on controlling the 
initial absorption of dietary cholesterol in the body through the intestinal wall. 

In intestinal mucosal cells, dietary cholesterol is absorbed as free cholesterol which must be esterified 
by the action of the enzyme acyl-CoA: cholesterol acyltransferase (ACAT) before it can be packaged into 
the chylomicrons which are then released into the blood stream. Thus, therapeutic agents which effectively 

25 inhibit the action of ACAT prevent the intestinal absorption of dietary cholesterol into the blood stream or 
■ the reabsorption of cholesterol which has been previously released into the intestine through the body's 
own regulatory action. 

United States Patent 4,387,105 to DeVries, et al. discloses a method of treating atherosclerosis 
employing certain dialkylurea and dialkylthiourea compounds. 
30 United States Patent 4,387,106 to DeVries, et al. discloses a method of treating atherosclerosis using 
certain N-phenyl- or N-[substituted(phenyI)]-N',N'-diaikylurea and thiourea compounds. 

United States Patent 4,387,106 to DeVries, et al.- discloses methods for treating atherosclerosis using 
certain tri substituted N-[substituted(phenyl)]-N',N'-diarylalkyl urea and thiourea compounds. 

United States Patent 4,397,868 to DeVries, et al. discloses methods for treating atherosclerosis using 
35 certain trisubstituted urea compounds. 

United States Patent 4,473,579 to DeVries, et al. discloses certain tetrasubstituted urea compounds and 
their use as agents for treating atherosclerosis. 

The present invention provides a class of compounds with ACAT inhibitory activity having the structure 

40 Ri H R 3 

II 2 n 

R x 

wherein Ri and R 2 are independently selected from alky! or aikoxy of from one to six carbon atoms. The 
atom X is oxygen or sulfur, and n is zero, one or two. 
so r 3 is hydrogen, alkyl of from one to seven carbon atoms or phenylmethyl. 
The group A is selected from 
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(CH 2 ) n , 
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75 




H 3 C CH 3 



20 

where n is one or two, Y is a direct bond, >CH 2 , >0, or >S f and 2 is a direct bond, >CH 2 , -CH - CH-, 
-CH 2 CH 2 - ( >0, or >S. 

R 4 is selected from alkyl of from one to six carbon atoms, hydroxy, acetoxy, alkoxy of from one to six 

25 carbon atoms, phenoxy, fluorine, chlorine, bromine, nitro, trifluoromethyl, carboxyl, -COOaikyi in which the 
aikyl portion contains from one to four carbon atoms, amino, alkylamino of from one to six carbon atoms, 
dialkylamino in which the alkyl groups independently contain from one to six carbon atoms, or -NH-acetyl. 

The compounds of the present invention form -a class of substituted ureas and thioureas having potent 
activity as inhibitors of the enzyme acyl CoA: cholesterol acyltransferase (ACAT). 

30 In the compounds of the present invention, the first nitrogen atom of the urea or thiourea moiety is 
monosubstituted by a phenyl ring which is substituted in the 2- and 6-positions by groups selected from 
alkyl or alkoxy of from one to six carbon atoms. It is believed that this substitution pattern is important in 
determining the activity of the compounds of this invention as inhibitors of the ACAT enzyme. Preferred 
compounds of this invention are those in which Ri and R 2 are alkyl, preferably 1-methylethyI. 

35 In preferred compounds of this invention, the second nitrogen atom of the urea or thiourea moiety is 
monosubstituted with a polycyclic group which may be either directly attached to the second nitrogen, or 
may be attached through an alkylene linkage of one or two carbon atoms, i.e., -CH 2 - or -CH 2 CH 2 -. 
Alternatively, the second nitrogen atom of the urea or thiourea moiety is disubstituted by straight or 
branched alkyl of from one to seven carbon atoms or phenylmethyl and a polycyclic group. 

40 The polycyclic group is selected from 2,3-dihydro-1H-inden-1-yl; 2,3-dihydro-1H-inden- 2-yl; 2,3- 
dihydro-1 -hydroxy-1-indenyl; 2,3-dihydrqbenzofuran-2-yl; 2,3-dihydrobenzofuran-3-yl; 2,3-dihydrobenzo[b]- 
thiophen-2-yI; 2,3-dihydrobenzo[b]thiophen-3-yl; 1 ,2,3,4-tetrahydronaphth-1-yl; 1 ,2,3,4-tetrahydronaphth-2-yl; 
1 ,2,3.4-tetrahydro-1 -hydroxy-1 -naphthyi; 3,4-dihydro-(2H)1 -benzopyran-3-yl; 3,4-dihydro-(2H)1 -benzopyran- 
4-yl; 3,4-dihydro-(2H)1 -benzothiopy ran-3-yl; 3,4-dihydrb-(2H)1 -benzothiopyran-4-yl; 6,7,8,9-tetrahydro-5H- 

45 benzocycloheptan-S^l; 6,7,8,9-tetrahydro-5H-benzocycloheptan-9-yl; 2,3,4,5-tetrahydro-1 -benzoxepin-4-yl; 
2,3 ( 4,5-tetrahydro-1-benzoxepin-5-yl; 2,3,4,5-tetrahydro-1-benzothiepin-4-yl; and 2,3,4,5-tetrahydro-1- 
benzothiepin-5-yl; 9-fluorenyl; 9-xanthenyl; 9-thioxanthenyl; 10,11-dibenzo[a,d]cyclohepten-5-yl and 1,2,3,4- 
tetrahydro-1 ,1 ,4,4-tetramethylnaphthen-2-yl. 

The various polycyclic systems enumerated above may be unsubstituted or may be substituted by alkyl 

so of from one to six carbon atoms, hydroxy, acetoxy, alkoxy of from one to six carbon atoms, phenoxy, 
fluorine, chlorine, bromine, nitro, trifluoromethyl, carboxyl, -COO-alkyl in which the alkyl portion contains 
from one to four carbon atoms, amino, alkylamino of from one to six carbon atoms, dialkylamino in which 
the alkyl groups independently contain from one to six carbon atoms, or -NH-acetyl. 

Specific examples of compounds contemplated as falling within the scope of the invention are the 

55 following: 

N-[2,6-bis(1-Methylethyl)phenyl]-N'-(9H-fluoren-9-ylmethyl)urea. 

N-[2.6-bis(1-Methyiethyl)phenyl]-^-{9H-xanthen-9-ylmethyl)urea. 

N-{2,6-bis(l-Methylethyl)phenyl]-^-[(2,3-dihydro-1H-inden-1-yl)methyl]urea. 
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N-{2,6^is(1-Methylethyl)phenylhN'-1,2 t 3 t 4-tetrahydro-2-naphthalenyl)urea. 
N-[2,6-bis(1 -Methylethyi)pheny IH^-tO ,2,3,4-tetrahyd ro-1 -naphthalenyl)methyl]urea. 
N-[2.6-bis(1-Methy!ethyl)phe^ 

N-[2.6-bis(1 -Methylethyl)pheny l]-N^-[(2,3-dihydro-1 -hydroxy-1 H-inden-1 -yl)methyl]urea. 
5 N-[2 l 6-bis(1-Methylethyl)phenyl>^-[(1.2 I 3,4-tetrahydro-1 -hydroxy-1-naphtha!enyl)methyl]urea. 
N-[2,6-bis(1-Methylethyl)phenylh^ 

N-(2,6-bis(1 -Methylethy l)pheny l]-tf-(3,4-dihydro2H-1 -benzopyran-3-yl)urea. 

N-(2,6-Dimethylphenyi)-N'-(1 ,2,3,4-tetra-hydro-1 ,1 ,4,4-tetramethyl-2-naphthalenyl)urea 

N-[2.6-bis(1-Methylethyl)ph^ 
10 N-[2.6-bis(1-Methylethyl)ph^ 

fT-[2,6-bis(1 -MethylethyI)phenyl]-N-(3,4-dihydro2H-1 -benzopyran-3-yl)-N-(1-methylethyl)urea. 

~ By the term "alkyl n as used throughout this specification and the appended claims is meant a branched 

or unbranched hydrocarbon grouping derived from a saturated hydrocarbon of from one to seven carbon 

atoms by removal of a single hydrogen atom. Examples of alkyl groups contemplated as falling within the 
rs scope of this invention include methyl, ethyl, propyl. 1-methylethyl, butyl. 1-methylpropyl, 2-methylpropyl. 

and 1,1-dimethylethyl. 

By the term "alkoxy" is meant an alkyl group, as defined above, attached to the parent molecular 
moiety through an oxygen atom. 

The compounds of this invention may exist in different enantiomorphic forms due to the presence of 
20 one or more asymmetric centers in the molecule. This invention contemplates all enantiomorphic forms of 
the compounds as well as rnixtures thereof including racemic mixtures. Individual enantiomers may be 
obtained, if desired, by resolution techniques known to the art as, for example, formation of diastereomers 
and fractional recrystallization or resolution on chiral chromatographic columns. 

In those instances where the compounds of the present invention bear a basic nitrogen atom as, for 
25 example, when the polycyclic moiety is substituted by amino, alkylamino. or diaikylamino, the compounds 
are capable of forming acid addition salts. These acid addition salts are also contemplated as falling within 
the scope of this invention. 

The acid addition salts may be generated from the free base forms of the compounds by reaction of 
the latter with one equivalent of a suitable nontoxic, pharmaceutically acceptable acid, followed by 
30 evaporation of the solvent employed for the reaction and recrystallization of the salt, if required. The free 
base may be recovered from the. acid addition salt by reaction of a water solution of the salt with a suitable 
base such as sodium carbonate, sodium bicarbonate, potassium carbonate, sodium hydroxide, and the like. 

Suitable acids for forming acid addition salts of the compounds of this invention include, but are not 
necessarily, limited to acetic, benzoic, benzenesulfonic. tartaric, hydrobromic, hydrochloric, citric, fumaric, 
35 gluconic, glucuronic, glutamic, lactic, malic, maleic, methanesulfonic, pamoic. salicylic, stearic, succinic, 
sulfuric, and tartaric acids. 

In those cases where the compounds of the present invention bear an acidic functional group, as for 
example when the polycyclic moiety is substituted by carboxyl, the compounds are capable of forming 
base addition salts with pharmaceutically acceptable metal cations and bases. Suitable metals are 
40 aluminum, calcium, lithium, magnesium, potassium, sodium, and zinc. Suitable bases are ammonia, and 
organic amines which are sufficiently strong bases to form salts with the carboxyl group. 

The metal salts and base addition salts may be generated from the free acid form of the compounds by 
reaction of the latter with one equivalent of a suitable nontoxic, pharmaceutically acceptable metal 
hydroxide, carbonate, or bicarbonate, followed by evaporation of the solvent employed for the reaction and 
45 recrystallization of the salt, if required. The free acid may be recovered from the metallic salt or base 
addition salt by reaction of a water solution of the salt with a suitable acid such as dilute aqueous 
hydrochloric acid. 

The class of metals, acids, and organic amine bases suitable for the formation of nontoxic, pharmaceuti- 
caliy acceptable salts of the compounds of this invention is well known to practitioners of the pharmaceuti- 
50 cal formulation arts. (See, for example, Stephen N. Berge, et ai. J. Pharm. Sciences , 66:1-19 (1977). 

While the salts may vary from the free base or free acid forms of the compounds of this invention in 
certain properties such as melting point and solubility, they are considered equivalent for the purposes of 
this invention. 

Further, the compounds of this invention may exist in unsolvated as well as solvated forms with 
55 pharmaceutically acceptable solvents such as water, ethanol and the like. In general, the solvated forms are 
considered equivalent to the unsolvated forms for the purposes of this invention. 

The compounds of the present invention are prepared by reacting the appropriately substituted 2,6- 
(disubstituted)phenyl isocyanate or thioisocyanate compound with the desired polycyclic amine to obtain 
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the substituted urea or thiourea compounds of the present invention. 

The reaction is generally carried out in a polar aprotic organic soivent such as ethyl acetate, at any 
temperature between room temperature and the boiling point of the solvent, with room temperature being 

preferred. « 
5 The reaction is allowed to proceed until analysis of the mixture by a means such as chromatography 

indicates that the reaction is substantially complete. Reaction times may vary between above two hours to 

about 24 hours, depending upon the particular reagents and reaction temperature employed. 

The polycyclic amine starting compounds are prepared by the general methods detailed in Reaction 

Schemes l-IV. Referring to Reaction Scheme I, the known or commercially available ketones, chromanones 
w (where X = 0), or thiochromanones (where X = S), 2, are converted to the corresponding oximes by 

reaction with hydroxylamine hydrochloride in the usual manner. In a second step, the intermediate 

hydroxylamines are tosylated by reaction with p-toluenesulfonyl chloride in pyridine to produce the oxime 

tosyiates. 3. 

The hydroxylamine tosyiates, 3, are next converted to the a-aminoketones, 4, by treating 3 with base 
is such ■ 



REACTION SEQUENCE I 



20 




alkoxide ion (the so-called "Neber rearrangement." See C. O'Brien, Chem. Rev. , 64: 81 (1964)). The 
aminoketones, 4, are then reduced by the action of sodium borohydride to the intermediate alcohols which 
are then furthered uced by the action of hydrogen over palladium on charcoal to the amine, compounds, 5. 
The amines. 5, are coupled with the desired 2,6-disubstituted isocyanate or thioisocyanate compound to 
55 produce compounds of the present invention. 

Referring to Reaction Scheme II, the polycyclic amine starting compounds useful for preparing the 
compounds of this invention are prepared by an alternative method in which the bicyclic ketone, 2, is 
reacted with trimethylsilyi cyanide (Aldrich Chemical Co., Milwaukee, W1, USA) in the presence of a Lewis 
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acid catalyst to produce the trimethylsilyl derivative of the corresponding cyanohydnn 6. The details of th.s 
reactSn L discussed in Chem. Common., 55: 2 (1973) and Tetrahedron Lett. 3773 1978) 

The trimethylsilyl cy anohydnn, 6. is ne xt reduced to the corresponding hydroxylam.ne by the actor of 
Bthium aluminum hydride to the oorTesponding hydroxyzine, 7. This compound may be coupted 6 rectjy 

s with the desired 2.6-<disubstituted)phenyl isocyanate or thioisocyante to produce compounds of the present 
invention or. alternatively, may be dehydrated to the corresponding a.kenamine. 8. by action of aad. 
ThI alkenamine 8. is reduced to the saturated amine. 9. by hydrogen over Raney-nickel .n acefcc ac d. This 
IraTco^ersiorT is discussed in D. Evans, et a... J. Org, Chem, 39: 917 (1974) The amme . then 
coupied with the desired 2.6-(disubstituted)phenyl isolate or thioisocyanate to produce compounds of 

to the present invention. 
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Referring to Reaction Sequence III, an alternative method for preparing starting materials for com- 
pounds of the present invention is shown. 

The known or commercially available acids, 10, are converted by the action of oxalyl chloride and 
. 5 ammonium hydroxide into the corresponding amides, U. The amides, 11^ are next reduced by the action of 
lithium aluminum hydride to the methylamines, 12, which are then coupled with the desired 2,6- 
(disubstituted)phenyi isocyanates or thioisocyanates to produce the compounds of this invention. 

Alternatively, the ketones, 13, are converted under Wittig Reaction conditions to the corresponding 
cyano compounds 14. Compound 14 is reduced by the action of hydrogen over palladium on charcoal to 
70 produce the aminesTlS, which are then coupled with the desired 2,6-(disubstituted)phenyi isocyanates or 
thioisocyanates to produce the compounds of this invention. 

Referring to Reaction Sequence IV, the substituted bicyciic methylamine starting compounds may be 
synthesized by an alternative method using a procedure adapted from R. C. Gupta, et al. Indian J. Chem. 
Section B, 1982. 21 B, 334. The commercially available or known substituted salicaldehydes, 16. are reacted 
75 with acrylonitrile to produce the substituted bicyciic compounds. 17. These compounds are subsequently 
reduced by the action of hydrogen over palladium on charcoal to the saturated amines, 1j$, which are 
subsequently reacted with the desired 2,6-(disubstituted)phenyl isocyanate or thioisocyanate to produce the 
compounds of this invention. 

As shown by the data presented below in Table 1 , the compounds of the present invention are potent 
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REACTION SEQUENCE III 
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inhibitors of the enzyme acyl-CoA:choiestero! acyitransferase (ACAT), and are thus effective in inhibiting the 
35 esterification and transport of cholesterol across the intestinal cell wall. The compounds of the present 
invention are thus useful in pharmaceutical formulations for the treatment of hypercholesterolemia or 
atherosclerosis. 

40 In Vitro Tests 

The ability of representative compounds of the present invention to inhibit ACAT was measured using 
an in vitro test more fully described in Field, F. J. and Salone, R. G.. Biochemica et Biophysica 712: 557- 

45 570 (1982). The test assesses the ability of a test compound to inhibit the acyiation of cholesterol by oleic 
acid by measuring the amount of radiolabeled cholesterol oieate formed from radiolabeled oleic acid in a 
tissue preparation containing rabbit intestinal microsomes. 

The data appear in Table 1 where they are expressed as ICso values; i.e. the concentration of test 
compound required to inhibit 50% expression of the enzyme. 

so In therapeutic use as agents for treating hypercholesterolemia or atherosclerosis, the compounds 
utilized in the pharmaceutical method of this invention are administered to the patient at dosage levels of 
from 250 to 1000 mg per day. For a normal human adult of approximately 70 kg of body weight, this 
translates into a dosage of from 5 to 20 mg/kg of body weight per day. The specific dosages employed, 
however, may be varied depending upon the requirements of the patient, the severity of the condition being 

55 treated, and the activity of the compound being employed. The determination of optimum dosages for a 
particular situation is within the skill of the art. 
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Table 1 
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Compound of 


IC50 UM 


Examole \ 




1 


0.027 


2 


0.042 


3 


0.027 


4 


0.036 


5 


0.029 


e 
u 


n fti 


7 


0.35 


8 


0.052 


9 


0.041 


10 


0.10 


11 


0,084 


12 


0.27 


13 


0.089 
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For preparing pharmaceutical compositions from the compounds of this invention, inert, pharmaceuti- 
cal^ acceptable carriers can be either solid or liquid. Solid form preparations include powders, tablets, 
dispersible granules, capsules, and cachets. 

A solid carrier can be one or more substances which may also act as diluents, flavoring agents, 
solubilizers. lubricants, suspending agents, binders, or tablet disintegrating agents; it can also be an 
encapsulating material. 

In powders, the carrier is a finely divided solid which is in a mixture with the finely divided active 
component In tablets, the active compound is mixed with the carrier having the necessary binding 
properties in suitable proportions and compacted in the shape and size desired. 

Powders and tablets preferably contain between about 5 to about 70% by weight of. the active 
ingredient. Suitable carriers are magnesium carbonate, magnesium stearate, talc, lactose, sugar, pectin, 
dextrin, starch, tragacanth, methyl cellulose, sodium carboxymethyl cellulose, a low-melting wax, cocoa 
butter, and the like. 

The term "preparation" is intended to include the formulation of the active compound with encapsulat- 
ing material as a carrier providing a capsule in which the active component (with or without other carriers) is 
surrounded by a carrier, which is thus in association with it. In a similar manner, cachets are also included. 

Tablets, powders, cachets, and capsules can be used as solid dosage forms suitable for oral 

administration. . 

Liquid form preparations include solutions suitable for oral administration, or suspensions and emulsions 
suitable for oral administration. Aqueous solutions for oral administration can be prepared by dissolving the 
active compound in water and adding suitable flavorants, coloring agents, stabilizers, and. thickening agents 
as desired. Aqueous suspensions for oral use can be made by dispersing the finely divided active 
component in water together with a viscous material such as natural or synthetic gums, resins, methyl 
cellulose, sodium carboxymethyl cellulose, and other suspending agents known to the pharmaceutical 
formulation art. 

Preferably, the pharmaceutical preparation is in unit dosage form. In such form, the preparation is 
divided into unit doses containing appropriate quantities of the active component. The unit dosage form can 
be a packaged preparation, the package containing discrete quantities of the preparation, for example, 
packeted tablets, capsules, and powders in vials or ampoules, the unit dosage form can also be a capsule, 
cachet, or tablet itself, or it can be the appropriate number of any of these packaged forms. 

The following examples are provided to enable one skill in the art to practice the present invention, but 
are not to be read as limiting the scope of the invention as it is defined by the appended claims. 



Example 1 
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Preparation of N-[2,6-bis(1 -methylethyQphenyll-N'-tgH-fluoren-g-ylmethyQurea 
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To 3.88 g (0.02 mol of 9-fluorenemethyl amine in 100 ml of ethyl acetate was added, .n one portion, 
4.06 g (0.02 mol) of 2.6-diisopropylphenyl isocyanate in 100 ml of ethyl acetate. 

The resulting mixture was stirred at room temperature for twenty hours, after wh.ch time the white solid 
precipitate which formed was collected by filtration, washed with hexane. and dried to yield 4.3 g of N-T.2.6- 
bistl-methylethyOphenylhN'KSH-fluoren-g-ylmethyOurea. mp 217-218 C. 



10 



Calc: 
Found: 



Analysis for: C28H 3 *N 2 0»J H 2 0: 



c, 


80.46%; 


H, 


7.62%; 


N. 


6.95%; 


c, 


80.56%; 


H, 


7.53%; 


N, 


6.91%. 
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Example 2 
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Preparation of N-[2,6-bis(1 -methylethy l)phenyl]-N'-(9H-xanthen-9-ylmethy Qurea 

Using the method of Example 1, but starting with 4.3 g (0.02 mol) of 9-xanthenemethyl amine there 
was obtained 5.3 g of N-[2,6-bis(1-methyl-ethyl)phenyi]-N -(9H-xanthen-9-ylmethyl)urea, mp 250-251 C. 



Calc: 
Found: 



Analysis for: C27H30N2O2: 



c, 


78.23%; 


H, 


7.29%; 


N, 


6.76%; 


c, 


77.94%; 


H, 


7.20%; 


N, 


6.67%, 
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Example 3 
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Preparation of N-[2,6-bis(1 ■methylethyl)phenyl1-N / -[(2 < 3-dihydro-1 H-inden- 1 -yQmethyllurea 

Using the method of Example 1. but starting with 1.47 g (0.01 moi) of 1-indanylmethyl amine, there was 
lined 2.9 g of N-[2,6-bis(1 -methylethy l)phenyl]-N'-[(2,3-dihydro-1 H-inden-1 -yl)methyl]urea, mp 183- 



obtained 
185* C 



Analysis for: C23H30N2O: 



Calc: 


c, 


78.82%; 


H, 


8.63%; 


N, 


7.99%; 


Found: 


c, 


78.69%; 


H t 


8.66%; 


N. 


7.95%. 
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Example 4 



Preparation of N-^e-bisd-methytethyDphenylhN^CQ ,2,3,4-tetrahydro-1-n aphthalenyl)methyl]urea 

Using the method of Example 1, but starting with 3.23 g (0.02 mol) of 1,2,3.4-tetrahydronaphthalenyl-l- 
55 methylamine, there was obtained 6.8 g of N-[2,6-bis(1-methylethyl)phenyl]-N -[(1,2,3,4-tetrahydro-l-naph- 
thaieny l)methyl)urea t mp 1 89-1 90 * C. 
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Analysis for: Cta 


H 32 N 2 0: 






Calc: 


c, 


79.08%; 


H, 


8.85%; 


N, 


7.68%; 


Found: 


c. 


79.08%; 


H, 


8.88%; 


N, 


7.59%. 
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Example 5 
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Preparation of N-[2 t 6-bis(1 -methylethyQphenylhN^CO.^dihydro^l -naphthalenyl)methyl]urea 

Using the method of Example 1 but starting with 3.18 g of 3,4-dihydro-1-naphthaIenylmethyl amine, 
there was obtained 2.6 g of N[2 f 6-bis(1-methylethyl)ph^ m P 
170-171* C. 





Analysis for: C24H30N2O: 


20 


Calc: 


C, 


79.51%; 


H, 


8.34%; 


N, 


7.72%; 




Found: 


C, 


79.61%; 


H, 


8.48%; 


N, 


7.59%. 
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Example 6 



30 Preparation of N-C2,6-bis(1-methylethyQ^ 

Using the method of Example 1 but starting with 3.26 g of 2.3-dihydro-1-hydroxy-lH-inden-1-ylmethyl- 
amine, there was obtained 5.0 g of N-[2,6-bis(l-methylethyl)phenyl]-N -[(2,3-dihydro-l-hydroxy-1H-inden-1- 
yl)methyl]urea, mp 173-174* C. 



35 



40 



Calc: 
Found: 



Analysis for: C23H30N2O2: 



c, 


75.37%; 


H, 


8.25%; 


N, 


c, 


74.97%; 


H t 


8.14%; 


N, 



7.64%; 
7.44%. 



45 



Example 7 



50 



Preparation of N-^^bisQ-methylethyQphenyll-N^tO ( 2 t 3 t 4-tetrahydro-1-hydroxy-1-naphtha lenyl)methylh 
urea 



Using the method of Example 1 but starting with 3.23 g of 1,2.3,4-tetrahydro-l-hydroxy-l-naphthaIenyl- 
methyl amine, there was obtained 3.8 g of jvj-[2,6-bis(1-methylethyl)phenyl]-N -[(1,2.3 t 4-tetrahydro-1- 
hydroxy-1-naphthalenyl)methy!]-urea, mp 170-171 C. 



55 
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Analysis for: C24H 3 zN 2 02: 



Calc: 


C, 


75.75%; 


H. 


8.48%; 


N, 


Found: 


C. 


75.71%; 


H. 


8.48%; 


N, 



7.36%; 
7.29%. 



Example 8 



Preparation of N-[2.6-bis(1 .methylethyl)phenyl]-N , -(2.3.4,5-t9trahydroben2 0xepirr4-yl)urea 

To a solution of 2.3.4.5-tetrahydro-ben 2 oxepin-4-amine (0.95 g. 5.8 mmol) in 50 ml of ethyl acetate was 
added 1 18 g (5.8 mmol) of 2.6-bis(1-methylethyl)phenyl isocyanate. The resulting mixture was stirred at 
room temperature for 20 hours. The precipitated solid was collected by filtration, washed with ethyl acetate, 
and dried to yield 1.1 g of N-[2,6-bis(1-methylethyl) phenyl]-N -[(2.3,4.5-tetrahydrobenzoxepin-4-yl)urea. mp 
184-186* C. 



Analysis for: C23H30N2O2: 



Calc: 


c, 


75.37%; 


H, 


8.25%; 


N, 


7.64%; 


Found: 


c, 


75.35%; 


H, 


8.07%; 


N, 


7.60%. 



Example 9 



Preparation of N-[2,6-bis(1 -methylethyi)phenyl]-N'-(1 ,2,3,4-tetrahydro-2-naphthalenyl)urea 

Using the method of Example 1. but starting with 1 ,2,3,4-tetrahydro-2-naphthylamine, there was 
obtained N-[2,6-bis(1-methylethyl)phenyl]-N'-(1.2.3,4-tetrahydro-2-naphthalenyl)urea, mp 214-215 C. 



Analysis for: CsaHsof^O: 



Calc.: 


c, 


78.81%; 


H, 


8.62%; 


N, 


7.99%; 


Found: 


C 


78.82%; 


H, 


8.77%; 


N, 


8.06%. 



Example 10 



Preparation of N-[2,6-bis(1 -methy lethyl)pheny l]-N'-(3,4-dihydro-2H-1 -benzopyran-3-yl)urea 

To a solution of 3.4-dihydro-3-amino-2Hbenzopyran (0.9 g, 6 mmole) in 50 ml of ethyl acetate, there 
was added 1.22 g (6 mmol) of 2.6-bis(1-methylethyl)phenyl isocyanate. The resulting mixture was stirred at 
room temperature for twenty hours. The solvent was removed under vacuum and the residue was 
suspended in 20% ethyl acetate/hexane. The precipitated solid was collected by filtration and dned to yield 
1.25 g of N-[2.6-bis(1-methylethyl)phenyl]-N'-(3.4-dihydro-2H-1-ben2opyran-3-yl)urea. mp 186-188 C. 
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Analysis for: C22H28N2O2: 



Calc: 


C, 


74.97%; 


H, 


8.00%; 


N, 


Found: 


C 


74.71 %; 


H, 


7.89%; 


N, 



Example 1 1 



70 



Preparation of N-[2,6*is(1-methylet^^ 
urea 

75 Using the method of Example 1, but starting with i I 2.3,4-tetrahydro-7-methoxy-2-naphthylamine, there 
was obtained N-[2.6-bis(1-memylethyl)phenyl]^ 
mp 171-172* C. 



20 



Analysis for: C25H34N2O2: 



Calc: 


C, 


76.10%; 


H, 


8.68%; 


N, 


7.09%; 


Found: 


c, 


75.89%; 


H, 


8.78%; 


N, 


7.02%. 



25 



30 



Example 12 



Preparation of N-(2,6-dimethylphenyl)-N , -(1 ,2,3,4-tetrahydro-1 ,1 ,4,4-tetramethyl-2-naphthalenyl)urea 



Using the method of Example 1, but starting with 2,6-dimethylphenyI isocyanate and 1,2,3,4-tetrahydro- 
1JA4-tetramethyl-2-naphthylamine, there was obtained N-(2,6-dimethylphenyl)-N -(1 ,2,3,4-tetrahydro- 
3 5 1 j ,4,4-tetramethyl-2-naphthalenyi)urea f mp 21 6-218° C. 





Analysis for: C23H30N2O: 




Calc: 


C, 


78.81%; 


H, 


8.62%; 


N, 


7.99%; 


40 


Found: 


C 


78.60%; 


H. 


8.61%; 


N, 


7.88%. 



45 



Example 13 



Preparation of N-[2.6-bis(1-methylethyl)phenyl3-N'-(1 ,2.3,4-tetrahydro-1 ,1 ,4,4-tetramethyl-2- naphthalenyl)- 
urea 

Using the method of Example 12, but starting with 2,6-bis(1 -methylethyl)phenyl isocyanate, there was 
obtained N-[2,6-bis(1 -methylethyl)phenyl]-N'-<1 ,2,3,4-tetrahydro-1 ,1 ,4,4-tetramethyl-2-naphthalenyl)urea, mp 
180-181 'C. 
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Analysis for: C27H38N2O: 


Caic: 


C, 


79.75%; 


H, 


9.41%; 


N, 


6.88%; 


Found: 


C, 


80.13%: 


H, 


9.52%; . 


N, 


6.67%. 



Example 14 



Preparation of N-[2,6-bis(1 -methyiethy l)phenyl]-N-(3,4<iihydro-2H-1 -benzopyran-3-y l)-N-(1 -methy lethyl)urea 

Using the method of Example 1, but starting with N-(1-methylethyl)-3,4-dihydro-2H-1-benzo-pyran-3- 
ylamine, there was obtained N'-[2 f 6-bis-(1 -methylethyl)phenyl]-N-(3,4-dihydro-2H-1 -benzo- pyran-3-yl)-N-(1 - 
methylethyl)urea, mp 169-172" C. 



20 



Analysis for: C25H34N2O2: 


Calc: 


c, 


76.10%; 


H, 


8.69%; 


N, 


7.10%; 


Found: 


c, 


76.24%; 


H, 


8.72%; 


N, 


7.03%. 



25 

Claims 

1 . A compound having the formula 



30 



35 




wherein R1 and R2 are independently selected from alkyl or alkoxy of from one to six carbon atoms; 
R3 is hydrogen, alkyl of from one to seven carbon atoms, or phenylmethyl; 
4 o x is oxygen or sulfur; 
n is zero, one or two; 
A is selected from 



45 



50 



55 
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5 



70 



75 




H 3 C CH 3 



where n' is one or two; 
Y is 

a direct bond, 

25 >CH 2 , 

>0, or 
>S; 
2 is 

a direct bond, 
30 >CH 2 , 
-CH = CH-, 
-CH2CH2-, 
>0, or 
>S; 

35 FU is selected from 

alkyl of from one to six carbon atoms, 

hydroxy, 

acetoxy, 

alkoxy of from one to six carbon atoms, 
40 phenoxy, 

fluorine, 

chlorine, 

bromine, 

nitro, 
45 trifluoromethyl, 

carboxyf, 

-C.OO-alkyl in which the aikyi portion contains from one to four carbon atoms, 
amino, 

alkylamino of from one to six carbon atoms, 
50 diaikylamino in which the alkyl groups independently contain from one to six carbon atoms, 
-NH-acetyl; or 

a pharmaceutically acceptable salt thereof. 

2. A compound as defined by Claim 1 wherein A is selected from unsubstituted or substituted 
2 t 3-dihydro-1H-inden-1-yl; 
55 2,3-dihydro-1 H-inden-2-yl; 

2 t 3-dihydro-1 ^hydroxy-1 -indeny I; 
1 ,2,3,4-tetrahydronaphth-1 -yl; 
1 .Z.S^-tetrahydronaphth^-yl; 
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1 ,2,3.4-tetrahydro-1 -hydroxy-1 -naphthyl; 
6,7,8.9-tetrahydro-5H-benzocycloheptan-8-yl; 
6,7.8.9-tetrahydro-5H-ben20cyc!oheptan-9-yI; 
9-HuorenyI; 

1 0. 1 1 -dibenzo[a,d]cycohepten-5-yl; 

1 .2.3.4- tetrahydro-1 .1 ,4,4-tetramethylnaphthen-2-yl; 
2.3-dihydrobenzofuran-2-yl; 

2.3- dihydrobenzofuran-3-yl; 

3.4- dihydro-(2H)1 -benzopyran-3-yl; 
3,4-dihydro-(2H)1 -benzopyran-4-yl; 

2.3.4.5- tetrahydro-1-benzoxepin-4-yl; 
2.3,4,5-tetrahydrcM-benzoxepin-5-yl; 
9-xanthenyl; 

2.3-dihydrobenzo[b]thiophen-2-yl; 

2.3- dihydrobenzo[b]thiophen-3-yl; 
2,3,4,5-tetrahydro-l -benzothiepin-4-yl; . 
2,3,4,5-tetrahydro-1-benzothiepin-5-yl; 
9-thioxanthenyl; 3,4-dihydro-(2H)1-benzothiopyran-3-yl; 
and 

3.4- dihydro-(2H)1-benzothiopyran-4-yl. 

3. A compound as defined by Claim 1 or 2 selected from the group consisting of N-[2,6-bis(1- 
methylethyl)phenyl]-N'-(9H-fIuoren-9-ylmethyl)urea; 
N-[2£-bis(1 -Methy lethy l)phenyl^ 
N-[2,6-bis(1-methylethyl)phenyl>^ 

N-[2,6-bis(1 -methyiethyl)phenyl]-N'-[(1 ,2,3,4-tetrahydro-l -naphthaienyl)methy l]-urea; 
N[2,6-bis(l -methylethyi)pheny l]-lT-[(3,4-dihydro-1 -naphthaienyl)methyl]urea; 
N-[2,6-bis(1-methylethyl)phenyl]-r^ 

N-[2 l 6-bis(1-methylethyl)fDhenyl]-N'-[(1 ,2,3,4-tetrahydro-l -hydroxy-1 -naphthalenyl)methyl]urea; 

N-(2,6-dimethylphenyl)-N'-{1 ,2,3,4-tetrahydro-l ,1 ,4,4-tetramethyI-2-naphthalenyl)urea; 

N-[2.6-bis(1-methylethyl)phenyl]-n ;(1 ,2,3,4-tetrahydro-l ,1 ,4 ( 4-tetramethyl-2-naphthaienyl)urea; 

N-[2,6-bis(1-methylethyl)phenyl]-N]-[(1 ,2,3,4-tetrahydro-7-methoxy-2-naphthaIenyl)methyl]urea; 

N-[2,6-bis(1-methylethyl)phenyl]-N'-(9H-xanthen-9-yimethyl)urea; 

N-2 I 6-bis(1-methylethyl)phenyl]-N*-2,3,4,5-tetrahydro-1-benzoxepin-4-yl)urea; 

N-[2,6-bis(1-methylethyl)phenyl]-N'-(3,4-dihydro-2H-1-benzopyran-3-yl)urea; and 

Ff-[2,6-bis(1 -methylethyl)phenyl]-N-(3,4-dihydro-2H-1 -benzopyran-3-yl)-N-(1 -methylethy!)urea. 

~ 4. A pharmaceutical composition for treating hypercholesterolemia or atherosclerosis comprising an 

ACAT-inhibitory effective amount of a compound as defined by Claims 1 to 3 in combination with a 

pharmaceutical^ acceptable carrier. 

5. A method of use of a compound of Claims 1 to 3 for the manufacturing of pharmaceuticals for 
treating hypercholesterolemia or atherosclerosis. 

6. A method of preparing a compound having the structural formula 




wherein Ri and R2 are independently selected from alkyl or alkoxy of from one to six carbon atoms; 
R3 is hydrogen, alkyl of from one to seven carbon atoms, or phenylmethyl; 
X is" oxygen or sulfur; 
n is zero, one or two; 
A is selected from 
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5 



10 



75 




H-C CH 



where n is one or two; 
Yis 

a direct bond, 
25 >CH 2l 
>0, or 
>S; 
Zis 

a direct bond, . 
30 >CH 2 , 
-CH = CH-, 
-CH2CH2-, 
>0, or 
>S; 

35 R 4 is selected from • 

alky! of from one to six carbon atoms, 

hydroxy, 

acetoxy, 

alkoxy of from one to six carbon atoms, 
40 phenoxy, 

fluorine, 

chlorine, 

bromine, 

nitro, . 
45 tritluoromethyl, 

carboxyl, 

-COO-alkyi in which the alkyl portion contains from one to four carbon atoms, 
amino, 

alkylamino of from one to six carbon atoms, 
so dialkylamino in which the alkyl groups contain from one to six carbon atoms, 
-NH-acetyl; or 

a pharmaceutical^ acceptable salt thereof; 
comprising reacting a compound of the formula 



19 



EP 0 335 375 A2 



5 




wherein Ri, R 2 , and X"are as defined above with an amine of the formula A-(CH2) n -NHR 3 , wherein A and n 
are as defined above, and thereafter isolating the product of said reaction by convention means and 
converting, if desired, said product to a pharmaceutical ly acceptable salt. 

Claims for the following Contracting States: ES, GR 

1. A method of preparing a compound having the structural formula 



20 



25 




wherein Ri and R2 are independently selected from alkyl or alkoxy of from one to six carbon atoms; 
R3 is hydrogen, alkyl of from one to seven carbon atoms, or phenylmethyl; 
•X is oxygen or sulfur; 
n is zero, one or two; 
A is selected from 




H 3 C CH 3 



where n' is one or two; 
Yis 

a direct bond, 
>CH 2 , 
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>0, or 
>S; 
Z is 

a direct bond, 
5 >CH 2 . 
-CH = CH-, 
-CH2CH2-. 
>0. or 
>S; 

10 FU is selected from 

alkyl of from one to six carbon atoms, 

hydroxy, 

acetoxy, 

alkoxy of from one to six carbon atoms, 
75 phenoxy, 

fluorine, 

chlorine, 

bromine, 

nitro, 
20 trifluoromethyl, 

carboxyl, 

-COO-a!kyl in which the alkyl portion contains from one to four carbon atoms, 
amino, 

alkylamino of from one to six carbon atoms, 
25 dialkylamino in which the alkyl groups independently contain from one to six carbon atoms, 
-NH-acetyl; or 

a pharmaceutical^ acceptable salt thereof; 
comprising' reacting a compound of the formula 



30 



35 




wherein Ri, R 2 . and X are as defined above with an amine of the formula A-(CH 2 ) n -NHR3, wherein A and n 
are as defined above, and thereafter isolating the product of said reaction by convention means and 
converting, if desired, said product to a pharmaceutically acceptable salt 

2. A method of preparing a compound as defined by Claim 1 wherein A is selected from unsubstituted 
or substituted 
2,3-dihydro-1 H-inden-1 -yl; 
2,3-dihydro-1 H-inden-2-yl; 
2,3-dihydro-1 -hydroxy-1 -indenyl; 
1 ,2,3,4-tetrahydronaphth-1 -yl; 
1 ,2,3,4-tetrahydronaphth-2-yl; 
1 ,2,3,4-tetrahydro-1 -hydroxy-1 -naphthyl; 
6,7,8 t 9-tetrahydro-5H-benzocycloheptan-8-yl; 
SJ.S^tetrahydro-SH-benzocycloheptan-S-yl; 
9-fluorenyl; 

10,11-dibenzo(a,d]cycohepten-5-yi; 

i ,2,3 t 4-tetrahydro-l ,1 ,4,4-tetramethylnaphthen-2-yl; 

2,3-dihydrobenzofuran-2-yl; 

2.3- dihydrobenzofuran-3-yl; 

3.4- dihydro-(2H)1 -benzopyran-3-yl; 
3,4-dihydro-(2H)1-benzopyran-4-yl; 
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2,3,4,5-letrahydro-1-benzoxepin-4-yl; 
2.3,4,5-tetrahydro-1-benzoxepin-5-yl; 
9-xanthenyl; 

2,3-dihydrobenzo[b]thiophen-2-yl; 
s 2,3-dihydroben2o[b]thiophen-3-yl; 
2,3A5-tetrahydro-1-benzothiepin-4-yl; 
2,3,4,5-tetrahydrol -benzothiepin-5-y I; 
S-ihioxanthenyl; 3,4-dihydro~(2H)1 -benzothiopyran-3-yl; 
and 

to 3,4-dihydro-(2H)1 -benzothiopyran-4-yl. 

3. A method of preparing a compound as defined by Claim 1 or 2 selected from the group consisting of 
N^^-bistl-methylethyOphenyll-N'^H-fluoren-Q-ylmethylJurea, 

N-[2,6-bis(1 -Metriylethyl)phenyl]-N^-[(2,3-dihydro-1 H-inden-1 -yl)methyl]urea; 
N-[2,6-bis(1-methylethyl)phenyl]-N^-1 ,2,3,4-tetrahydro-2-naphtha!enyl)urea; 
75 N-[2,6-bis(1 -methylethyl)phenyl]-N'-[(1 ,2,3,4-tetrahydro-l -naphthalenyl)methyl]-urea; 
NH;2,6-bis(1-methylethyl)phenyl]-^-[(3,4-dihydro-1-naphthaIenyl)meth 
N-[2.6-bis(1-methylethyl)phenyl]^ 
N-[2,6-bis(1-methylethyl)pheny!]-^-[(1,2^ 

N-(2,6-dimethylpheny l)-N # -(1 ,2,3,4-tetrahydro-l ,1 t 4,4-tetramethyl-2-naphthalenyl)urea; 
20 N-[2,6-bis(1-methylethyl)phenyl]-n'-(1 ,2,3,4-tetrahydro-l ,1 ,4,4-tetramethyI-2-naphthalenyl)urea; 
N-[2,6-bis(1-methylethyl)phenyl]-N^ 

N-[2,6-bis(1-methylethyi)phenyl]-N'-(9H-xanthen-9-ylmethyi)urea; 
N-[2,6-bis(1-methylemyI)phenyl]-N'-2,3,4,5-tetrahydro-1-benzoxepin-4-yl)urea; 
N-[2,6-bis(1 -methy lethy l)phenyl]-N / -(3,4-dihydro-2H-1 -benzopy ran-3-y l)urea; and 
25 N'-[2.6-bis(1-methyiethyl)phenyl]-N-(3,4-dihydro-2H-1 -benzopy ran-3-yl)-N-(1-methylethyl)urea. 

4. "A method of use of a compound of Claims 1 to 3 for the manufacturing of pharmaceuticals for 
treating hypercholesterolemia or atherosclerosis. 
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